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(54) Air conditioner 

(57) An air conditioner including an air supply pas- 
sage for introducing outdoor air into. a room, an air ex- 
haust passage for exhausting indoor air, a rotary dehu- 
midifier that is a rotary drum structure haying an air pas- 
sage formed of a material impregnated with an absorb- 
ent, the rotary dehumidifier being arranged such that 
one half thereof is disposed In the air supply passage 
for dehumidifying by absorption a supply air which is the 
introduced outdoor air and the other half thereof is dis- 
posed in the air exhaust passage for regenerating the 
adsorbentwith use of exhaust airwhich is the exhausted 
indoor air as a heat source, a regenerative heater for 



heating the exhaust air before flowing into the rotary de- 
humidifiertoatemperature requiredfor regenerating the 
adsorbent of the rotary dehumidifier, a sensible heat ex- 
changer for causing a sensible heat exchange between 
the supply air dehumidified at the rotary dehumidifier 
and the exhaust air before flowing into the regenerative 
heater and a refrigerating device operated with a refrig- 
erating cycle which comprises a high-pressure gas cool- 
ing device for coo ling a refrigerant in high-pressure Side, 
an expansion valve and an evaporator for cooling the 
room, wherein an exhaust heat from the high-pressure 
gas cooling device of the refrigerating device is em- 
ployed as a heat source of the regenerative heater. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] The present invention relates to an air condi- 
tioner, and more particularly to a novel air conditioner 
combined a desiccant air conditioner with a refrigerating 
device for cooling a room-by a normal refrigerating cycle, to 

2, Description of Related Art 

[0002] A typical desiccant air conditioner 1 00 that is 
conventionally well-known has a construction shown in is 
. Fig, 7. In Fig. 7, solid line arrows represent airflow of 
outdoor air (hereinafter referred to as supply air) drawn 
from the outside of a house or building into the room, 
while broken line arrows represent airflow of indoor air 
(hereinafter referred to as exhaust air) exhausted from 20 
the room to the outside. Moreover, the desiccant air con- ' 
ditioner mentioned above is described in, for example/ 
Akio KODAMA, et al, "Desiccant Air Conditioning Proc- 
ess", Journal of JSES (JAPAN SOLAR ENERGY SOCI- 
ETY), Vol. 27, No. 2> pages 2-11 . JSES, March 31 , 2001 ; 25 
Tsutomu HIROSE, et "Desiccant Air Conditioning 
System Using Solar Energy", Journal of JSES (JAPAN 
SOLAR ENERGY SOCIETY), Vol. 27, No. 2, pages 
19-26,. JSES, March 31, 2001; and WeiLi Jin, "Imple- 
mentation Example of High Performance Desiccant Air 30 
Conditioning System", Heating Piping and Air Condi- 
tioning, No. 10, pages 1-5, Japan Industrial Publishing 
Co., Ltd., Oct. 2001. 

[0003] As shown in Fig. 7, the desiccant air condition- 
er 100 is provided with an air supply passage 3 for di- 35 
recting the outdoor air into a room 2 and an air exhaust 
passage 4 for exhausting the indoor air. The air supply 
passage 3 and the air exhaust passage 4 are arranged 
so as to be adjacent to each other. m • 
[0004] Arranged successively from the outside to the 40 
inside of the room 2 in the air supply passage 3 are a 
supply fan 31 , one half 51 of a rotary dehumidifier 5, one 
half 61 of a rotary. sensible heat exchanger 6 and a hu- 
midifier 7, while arranged successively in the air exhaust 
passage 4 are an exhaust fan 41, the other half 52 of- 45 
therotary dehumidifier 5, a regenerative heater 1 01 , the 
other half 62 of the rotary' sensible heat exchanger 6 and 
a humidifiers. 

[0005] The rotary dehumidifier 5 is arranged so as to 
extend overthe air supply passage 3 and the air exhaust so 
passage 4 which are adjacent to each other, as shown 
in Fig, 7, Consequently, the one half 51 thereof is posi- 
tioned in the air supply passage 3, while the"other half 
52 is positioned in the air exhaust passage 4. This rotary 
dehumidifier 5 is a rotary rotor having a honeycomb air- ss 
flow path that is made -of a sheet-like material obtained 
by impregnating glass fiber as base material with silica 
gel. Thus, the rotary dehumidifier 5 is constructed so as 



to contact the passing air with the sheet-like material 
efficiently. The rotary dehumidifier 5 adsorbs water va- 
pors in the passing supply air for performing a dehumid- 
ification at the one half 51 in the air supply passage 3, 
while dehumidifies an adsorbent by the passing heated 
high-temperature exhaust air at the other half 52 in the 
air exhaust passage 4 for recycling the absorbent. 
[0006] The rotary sensible heat exchanger 6 is a ro- 
tary rotor having a honeycomb airflow path formed usjng 
an aluminum plate. The rotary sensible heat exchanger 
6 is constructed such that sensible heat exchange oc- 
curs, via the aluminum plate forming the honeycomb air- 
flow path, between the supply air passing through the 
one half 61 in the air supply passage 3 and the exhaust 
air passing through the other half 62 in the air exhaust 
passage 4. 

[0007] The regenerative heater 1 01 heats the exhaust 
air with hot water as a heat source, the hot water being 
supplied from a hot water tank 1 02 that stores hot water 
heated by a hot water boiler or the like. The regenerative 
heater 1 01 further heats the exhaust air already heated 
by the other half 62 of the rotary sensible heat exchang- 
er 6. Numeral 103 designates a hot water circulating 
pump. 

[0008] Further, the humidifiers 7 and 8 spray water 
su.ch as tap water orthe like for humidifying the passing 
supply air or exhaust air. 

[0009] The operation of the desiccant air conditioner 
100 having the above-mentioned construction will be 
explained hereinbelow with reference to an air chart 
shown in Fig. 8: Air states of A 1 to A 4 and B 1 to B 5 " in 
Fig. 8 respectively represent the air states at the posi- 
tions marked with to A 4 a'nd.B^ to'B 5 in Fig. 7. Also 
in Fig. 8, each solid line represents 'the change in the 
state of the supply air introduced into the room 2 from 
the outside, while each broken line represents the 
change in the state of the exhaust air exhausted from 
the room 2 into the outside. 

[0010] . The outdoor air (supply air) A-, in the outside 
(for example, dry bulb temperature of 35 °C, relative hu- 
midity <j> of 40%) is transported to the rotary dehumidifier 
5 by the supply fan 31, This supply air is dehumidified 
by the one half 51 of the rotary dehumidifier 5. At this 
time, heat of adsorption is generated at the. one half 51 . 
As a result, this supply air is dehumidified at the one half 
51 of the rotary dehumidifier 5 without being accompa- 
nied by an energy change, thereby reaching the point 
A 2 (for example, dry bulb temperature of about 60 °C, 
relative humidity <j> of about 5%). 

[0011] The dehumidified supply air A 2 is cooled in the 
one half 61 of the rotary sensible heat exchanger 6 to 
the point A 3 (for example, dry bulb temperature of about 
20 °C, relative humidity 4 of about 40%) by a cold heat 
of the exhaust air flowing into the other half 62 with the 
state of the point B 2 (for example, dry bulb temperature 
of about 19,5 °C J relative humidity > of about 100%). 
The air at the point A 3 is humidified by the humidifier 7 
to become a cool air at the point A 4 (for example, dry 
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bulb temperature of about 12 °C,- relative humidity $ of 
about 1 00%), and then supplied into the room 2. It is to 
be noted that, between these points A 3 and A 4 , the dry 
bulb temperature of the supply air is lowered by latent 
heat cooling'brought by the humidification, but there is 5 
no energy change. 

[0012] On the other hand, the exhaust air B 1 (for ex- 
ample, dry bulb temperature of 27 °C, relative humidity 
4 of 50%) is cooled by latent heat of vaporization of wa- 
ter in the humidifier 8 to reach the point B 2 (for example, 10 
dry bulb temperature of about 19.5°C, relative humidity 
<f of about 1 00%). The exhaust air at the point B 2 is heat- 
ed in the other half 62 of the rotary sensible heat ex- 
changers to the point B 3 (for example, dry bulb temper- * 
ature of about 50 °C, relative humidity § of about 12%) 15 
by the heat of the supply air flowing into the one half 61 
and havingstate of the point A 3 (for example, dry bulb 
temperature of about 60 °C, relative humidity of about 
5%). The exhaust air at the point B 3 is heated to the 
point B 4 (for example, dry bulb temperature of about 80 20 
°C, relative humidity ^ of about 5%) in the regenerative 
heater 1 01 . The exhaust air at the point B 4 heats the 
adsorbent for dehumidifying the same in the other half 
52 of the rotary dehurnidifier 5, while the exhaust air it- 
self is humidified to reach the point B 5 (for example, dry 
bulb temperature of about 42 °C, relative humidity $ of 
about 4.0%), and then discharged to the outside. 
[001 3] Since the conventional desiccant air condition- 
er 100 has the construction as described above, the 
heat quantity, Qip (i.e., input heat quantity (kcai)) con- 
sumed for cooling equals to the heat quantity supplied 
to the regenerative heater 101, 

This heat quantity Qip is obtained by the'fol lowing equa- 
tion: 

Qip = (flow rate of supplied and exhausted air) x 
(Hb 5 - Hb 3 ) 

wherein Hb 5 represents an enthalpy {kcal/kg) of the ex- 
haust air at the point B 5 and. Hb 3 represents an enthalpy 
(kcal/kg) of the exhaust air at the point B 3 . On the other 
hand, the cooling capability Qop (i.e., cooling heatquan- 
tity (kcal) that is output heat quantity (kcal)) is obtained 
by the following equation: 

Qop = (flow rate of supplied and exhausted air) x 
. (H D1 -Ha 4 ) 

wherein Hb 1 represents an enthalpy (kcal/kg) of the ex- 
haust airat the point B 1 and Ha 4 represents an enthalpy 
(kcal/kg, Ha 4 = Ha 3 ) of the exhaust air at the point A 4 ,. 
and the energy efficiency of Qop/Qip is approximately 
1 . On the other hand, the energy efficiency for cooling 
in a common air conditioner to which a refrigerating cy- 



cle is adopted is 2 or more (for reference : the energy 
efficiency for heating is 3 or more). Accordingly, there is 
a problem that the energy efficiency of the conventional 
desiccant air conditioner is low compared to that of the 
common air conditioner. 

SUMMARY OF THE INVENTION 

[0014] The present invention is accomplished in view 
of the above circumstances, and aims to provide a novel 
air conditioner having a remarkably improved energy ef- 
ficiency' by combining a desiccant air conditioner with a 
refrigerating device for cooling a room by a normal re- 
frigerating cycle. 

[0015] ' In order to accomplish the above object, the air 
conditioner of the present invention comprises an air 
supply passage for introducing outdoor air into a room, 
an air exhaust passage for exhausting indoor air, a ro- 
tary dehurnidifier that is a rotary drum structure having 
an air passage formed of a material impregnated with 
an absorbent, the rotary dehurnidifier being arranged 
such that one half thereof is disposed in the air supply 
passage for dehumidifying by absorption a supply air 
which is the introduced outdoor air and the other half 
thereof is disposed in the air exhaust passage for regen- 
erating the adsorbent with use of exhaust air which is 
the exhausted indoor air as a heat source, a regenera- 
tive heater for heating the exhaust air before flowing Into 
the rotary dehurnidifier to a temperature required for re- 
generating the adsorbent of the rotary dehurnidifier, a 
sensible heat exchanger for causing, a sensible heat ex- 
change between the supply air dehumidified at the ro- 
tary dehurnidifier and the exhaust air before flowing into 
the regenerative heater and a refrigerating device oper- 
ated with a refrigerating cycle which comprises a high- 
pressure gas cooling device for cooling a refrigerant in 
high-pressure side, an expansion valve and an evapo- 
rator for cooling the room, wherein an exhaust heat from 
the high-pressure gas cooling device of the refrigerating 
device is employed as a heat source of the regenerative 
heater/ 

[0016] By this construction, the heat quantity con- 
sumed by the refrigerating device almost equals to a 
heat quantity (input heat quantity (kcal)) q consumed by 
the air conditioner of the. present invention, if the heat 
quantity Qip consumed by the conventional desiccant 
air conditioner equals to the heat quantity (input-heat 
quantity) q consumed by the air conditioner of the inven- 
tion, three-fold (i.e., 3 x q) or more energy is supplied to 
the regenerative heater in the present invention, since 
the energy efficiency for heating in the refrigerating de- 
vice utilizing the conventional refrigerating cycle is 3 or 
more, Further, the cooling heat quantity (kcal) in the des- 
iccant air conditioner approximately equals to the heat 
quantity supplied to the regenerative heater, resulting in 
that the cooling heat quantity (kcal) Qo by the desiccant 
cooling cycle of the present invention becomes about 
three times as large as .the cooling heat quantity (Kcal) 
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Qop in the conventional desiccant air conditioner. Fur- 
ther, in the air conditioner of the present invention the 
evaporator arranged in the room performs the same 
cooling operation as that performed by the refrigerating 
device utilizing the conventional general' refrigerating 5 
cycle. The cooling heat quantity (kcal) q 0 of this cooling 
operation is. about double the consumed heat quantity 
(input heat quantity) q. Accordingly, the cooling heat 
quantity (kcal) in the air conditioner of the present inven- 
tion is five times as large as the input heat quantity q. i, w 
e. , the energy efficiency is about-5. This energy efficien- 
cy is double or more that of 2 or more of the conventional 
common air conditioner. 

[0017] In the air conditioner as described above, the 
sensible heat exchanger may be a rotary sensible heat 15 
exchanger. This construction can increase the energy 
efficiency without greatly changing the structure of the 
conventional desiccant air conditioner. 
[001 8] The sensible heat exchanger may be a cross- 
flow sensible heat exchanger. This can omit the rota- 20 
tiona! energy required for the sensible heat exchanger, 
thereby further enhancing the energy efficiency. 
[0019] The cross-flow sensible heat exchanger 
means here a heat exchanger that causes a sensible 
heat exchange between the exhaust air and.the supply 25 
air by crossly flowing the exhaust air and the supply air 
via. a partitioning wall,- 

[0020] Further, the air conditioner described above 
may have a humidifier for humidifying'the exhaust air 
before flowing into the sensible heat exchanger This so 
can decrease the dry bulb temperature of the exhaust 
air flowing into the sensible heat exchanger, thereby be- 
ing capable of further cooling the outdoor air cooled by 
the sensible heat exchangerto be supplied to the room. 
[0021] Moreover, the regenerative heater is prefera- 35 
bly the high-pressure gas cooling device in the refriger- 
ating device, and preferably constructed such that the 
flow of the refrigerant in the high-pressure gas cooling 
device and the flow of the exhaust air passing through 
the high-pressure gas cooling device become opposite 40 
to each other. By this construction, the exhaust air flown 
into the rotary 'dehu mid if ier can have a temperature re- 
quired for the regeneration of the adsorbent even if the 
refrigerant outlet temperature of the high-pressure gas 
cooling device is set low. Accordingly, a pressure at the 45 
high pressure side of the refrigerating device can be set 
low, thereby being capable of further enhancing the .en- 
ergy efficiency. 

• [0022] Moreover, the refrigerating device may have a 
high-pressure gas cooling device forcooling trie high- so 
pressure refrigerant under a supercritical pressure. This 
construction enables to easily supply to the regenerative 
heater a high-temperature heat source required forth© 
regeneration of the adsorbent 

[0023] Further, the refrigerant charged in the refriger- 55 
ant circuit may be C0 2 . This construction enables to use 
a natural refrigerant that can easily bring the high-tem- 
perature heat source having no combustibility and tox- 



icity for regenerating the adsorbent. 
[0024] Moreover, the refrigerating device may have 
high-low-pressure heat exchanger for causing a heat 
exchange between the high-pressure refrigerant that 
has already passed through the high-pressure gas cool- 
ing device and a low-pressure refrigerant that has al- 
ready passed through the evaporator. This construction 
can further enhance the energy efficiency of the refrig- 
erating device, thereby further enhancing the energy ef- 
ficiency of the air conditioner of the present invention. 
[0025] Further, the drain water generated by the cool- 
ing operation of the evaporator can be utilized as the 
waterforthe humidification at the humidifier, thereby be- 
ing capable of saving waterfor use in the humidification. 
Furthermore, a water source for humidification can be 
simplified. 

[0026] Additionally, the air conditioner as described 
above may further comprise an exhaust fan and a sup- 
ply fan, and the exhaust fan, the supply fan and a com- 
pressor of the refrigerating device each has a variable 
speed of rotation. By this construction the capability of 
the air conditioner of the invention can be made variable 
corresponding to the change in the cooling load in the 
room. 

[0027]. These and other objects -of the present appli- 
cation will become more readily apparent from the de- 
tailed description given hereinafter.- However, it should 
be understood that the detailed description and specific 
examples, white indicating preferred embodiments of 
the invention, are given byway of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 is a view for explaining a construction of an 
air conditioner according to an embodiment 1 of the 
present. invention; 

Fig. 2 is a view for explaining a heat exchanging 
state at a regenerative heater in the'air conditioner; 
Fig. 3 is a Mollier chart for explaining an energy ef- 
ficiency of a desiccant air conditioner constructing 
the air conditioner; 

Fig. 4 is an air chart for explaining a cooling opera- 
tion of a refrigerating device that provides a heat 
source to the regenerative heater of the air condi- 
tioner; 

Fig. 5 .is a view for explaining a construction of an 
air conditioner according to an embodiment 2 of the 
present invention; 

Fig, 6 is a view for explaining a construction of a 
cross-flow sensible heat exchanger, in the air con- 
ditioner; 

Fig. 7 is a view for explaining a construction of a 
conventional well-known typical desiccant air con- 
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ditioner; and 

Fig, 8 is an air chart for explaining a cooling opera-' 
tion of the desiccant air conditioner. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] An air conditioner according to an embodiment 
1 of the invention will be explained in detail with refer- 
ence to Figs, 1 to 4. It Is to be noted that, in these figures, 
the same elements as those in the conventional desic- 
cant air conditioner are marked with the same numerals 
and the their explanations are omitted. 
[0030] The air conditioner according to the embodi- 
ment 1 include the desiccant airconditioner 1 combined 
with a refrigerating device 1 0 that cools a room by a nor- 
mal refrigerating cycle. 

[0031] The.desiccant airconditioner 1 hasanairsup- 
ply passage 3 and air exhaust passage 4 positioned ad- 
jacent to each other like .the conventional one shown in 
Fig. 7. Like the conventional one, the desiccant air con- 
ditioner 1 further has a rotary dehumidifier expanding 
over the air supply passage 3 and the air exhaust pas- 
saged at the outdoor side in the air supply passage 3 
and air exhaust passaged and a rotary sensible heat 
exchanger 6 expanding over the air supply passage 3 
and the air exhaust passage 4 at the room 2 side .in the 
air supply passaged and the air exhaust passage 4. A. 
regenerative heater 12 is further arranged between the 
rotary dehumidifier 5 and the rotary sensible heat ex- 
changer 6, and a humidifier B is" arranged at the room 2 
side with respect to the rotary sensible heat exchanger 

[0032] The refrigerating device 1 0 has charged there- 
in C0 2 as a refrigerant, and has a refrigerant circuit 
formed by successively connecting a two-stage com- 
pressor 11, a high-pressure gas cooling device 12 for 
cooling a high-pressure gas refrigerant, high -low-pres- 
sure. heat exchanger 13 for causing a heat exchange 
between the high-pressure gas refrigerant that has at- 
ready passed through the high -pressure cjas cooling- de- 
vice 12 and low-pressure gas refrigerant an expansion 
valve 1 4, an evaporator 1 5, the heat exchanger between 
high- pressure refrigerant and low-pressure refrigerant 
13, and an accumulator 16. The evaporator 15 is ar- 
ranged in the room 2 r and the room 2 is also cooled by 
this evaporator 15. The high -pressure gas cooling de- 
vice 12 is the regenerative heater 12 itself. 
[0033] A drain tank 21 is disposed below the evapo- 
rator 1 5 for supplying the drain water to the humidifier 8 
by a pump '22 as water for humidification. 
[0034] The regenerative heater 12 (the high-pressure 
gas cooling device 12 in the refrigerating device 1 0) in 
the desiccant air conditioner 1 is constructed such that 
the flow of the refrigerant CO s (from La to Lb in Fig. 2) 
and the flow of the exhaust air (from Lb to La in Fig. 2) 
are opposite to each other as shown in Fig. 2. Specifi- 
cally, the refrigerant flows in at the inlet temperature tn, 



(e.g., about 110 °C) and flows" out at the outlet temper- 
ature tr 2 (e.g., about 60 *C), while the exhaust air flows 
In at the inlet temperature ta-, (e.g., about 50 °C) and 
can be made to be flown out at the outlet temperature 

s ta 2 (e.g., about 80 °C) that is higher than the refrigerant , 
outlet temperature tr 2 . In other words, the refrigerant 
outlet temperature tr 2 can be made lower than the re- 
quired exhaust air outlet temperature ta 2 , whereby the 
refrigerant temperature at the high-pressure side re- 

10 quired forthe regeneration of the adsorbent can be con- 
trolled- to be low. 

[0035] The air conditioner according to the embodi- 
ment 1 has the construction as described above. Ac- 
cordingly, the desiccant air conditioner 1 is different from - 
15 the desiccant air conditioner 100 shown in" the above- 
mentioned Figs. 7 and 8 in the following three points: 

1 . The heat source of the regenerative heater 1 2 is 
the exhaust heat from the' high-pressure gas cool- 
so ing device in the refrigerating device 10; 

2. The humidifier 7 is not provided; and 

3. The drain water generated in the evaporator 15 
is utilized for water supplied to the humidifier 8. 

25 [0036] The operation of the air conditioner of the^em- 
bodiment 1 having the above-mentioned construction 
will subsequently be explained hereinbelow with refer- 
ence to the air chart shown in Fig. 3 and Mollier chart 
shown in Fig. 4. Air states of A-, to A 3 and B 1 to B + s in 

30 Fig. 3 respectively represent the air states at the posi- 
tions marked with A-, to A 3 and B 1 to B 5 in Fig. 1 . Also 
in Fig. 3, each solid line represents the change in the- 
state of the supply air introduced Into the room 2 from 
the outside, while each broken line represents the 

35 change in the state of the exhaust air discharged frorn 
the room 2 into the outside. 

[0037] The outdoor air (supply air) A 1 in the outside 
(for example/dry bulb temperature of 35 °C, relative hu- 
midity cj> of 40%) is transported to the rotary dehumidifier 

40 5 by a supply fan 31 , This supply air is dehumidified by 
the one half 51 of the rotary dehumidifier 5. At this time, 
heat of adsorption is generated at the one half 51 . As a 
result, this supply air is dehumidified at the one half 51 
of the rotary dehumidifier 5 without being accompanied 

45 by an energy change, thereby reaching the point A 2 (for 
example, dry bulb temperature of about 60 °C,. relative 
humidity 4 of about 5%). 

[0038] The dehumidified supply air A 2 is cooted in the 
one half 61 of the rotary sensible heat exchangers to 

so the point A a (for example, dry bulb temperature of about 
- 20 °C, relative humidity <j> of about 4.0%) by a cold heat 
of the exhaust air flowing into the other half 62 with the 
state of the point B 2 (for example, dry bulb temperature 
of about 19.5 °C, relative humidity > of about 100%), 

55 and then, supplied into the room 2. The supply air at the 
point A 3 Is supplied into the room 2 without being hu- 
midified. 

[0Q39] On the other hand, the exhaust air B 1 (for ex- 
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ample, dry bulb temperature of 27 °C, relative humidity 
<j> of 50%) is cooled by a latent heat of vaporization of 
water in the humidifier 8 to reach the point B 2 (for ex- 
ample, dry bulb temperature of about 19,5 °C, relative 
humidity § of about 1 00%). The exhaust air at the point s 
B 2 ts healed in the other half 52 of trie rotary sensible 
heat exchanger 6 to the point B 3 (for example, dry bulb 
temperature of about 50 °C, relative humidity ij> of about 
12%) by a heat of the supply air flowing into the one half 
61 with the state of the point A 3 (for example, dry bulb 10 
temperature of about 60 °C, relative humidity § of about 
5%). The exhaust air at the point B 3 is heated to the ' 
point B 4 (for example, dry bulb temperature of about 80 
?C r relative humidity $ of about 5%) at the regenerative 
heater 12, The exhaust air at the point B + heats the ad- 1s 
sorbent for dehumidifying the same in the other half 52 
of the rotary dehumidifier 5, while the exhaust air itself 
is humidified to reach the point B 5 (for example, dry bulb 
temperature of about 42 °C, relative humidity c|> of about 
40%), and then discharged to the outside; 20 
[0040] In the embodiment 1 , the refrigerating device 
10 outputs the cooling capability q c (q c = about 2 x q) 
that is double the input heat quantity q (kcat) of the com- 
pressor 11, and. dissi pates from the high -pressure gas 
cooling device 1 2 the heat quantity q h (q h - about 3 x q) 25 
that is three times as large as the input heat quantity q 
of the compressor 11 , as shown in the M oilier chart of 
Fig. 4. Specifically, the following equations are estab- 
lished: 

30 

q = GxAi 1 



q c = G x Ai 2 = about 2 x G x Ai A - about 2 x q 



q h = G x Ai 3 = about 3 x G x Ai 1 = about 3 x q 

It is to be noted thatthe symbol G represents the refrig- 40 
erant flow rate. 

[0041] Therefore, the heat quantity Qi atthe regener- 
ative heater 12 in the desiccant air conditioner 1 be- 
comes as follows: 

Qi - q h - about 3 x G x Ai t = about 3 x q 

[0042] Since the cooling heat quantity Qo equal to this 
heat quantity can be obtained, this cooling heat quantity so 
Qo can be represented as follows: 

Qo = Qi = about 3xGx Ai 1 = about 3 x q 

55 

[0043] As described above, the cooling capability of 
the air conditioner in the embodiment 1 becomes q c + 
Qo = about 5xq, This means that the energy efficiency . 



is about 5. Accordingly, the energy efficiency can re- 
markably be improved compared to the energy efficien- 
cy of about 1 of the conventional desiccant -air-condition- 
er 1 00 and that of about 2 of the air conditioner employ- 
ing the conventional general refrigerating cycle. 
[0044] The air conditioner in this embodiment 1 
adopts the rotary sensible heat exchanger 6 as the sen- 
sible heat exchanger, resulting in that it has many points 
common to the conventional desiccant air conditioner 
100. Accordingly, the energy efficiency can be en- 
hanced without adding a great change. 
[0045] According to the air conditioner of the embod- 
iment 1 , the exhaust air is humidified before it flows into 
the other half 62 of the rotary sensible heat exchanger 
6 in the air exhaust passage 4 for reducing the dry bulb 
temperature of this exhaust air Therefore, the supply 
air passing through the one half 61 of the rotary sensible 
heat exchanger 6 can be cooled further compared to the 
case where the exhaust air is not humidified, thereby 
being capable of further enhancing the energy efficien- 
cy. 

[0046] . Additionally, the refrigerating device 1 0 is pro- 
vided with the high-pressure gas cooling device 12 for 
cooling the high-pressure refrigerant under a supercrit- 
ical pressure as the regenerative heater 12, whereby a 
high-temperature heat source required for the regener- 
ation of the adsorbent can easily be supplied to the re- 
generative heater 12. Further, the regenerative heater 
12 is constructed such that the refrigerant flow and the 
flow of the exhaust air become opposite to each other, 
so that the temperature of the exhaust air flown into the 
rotary dehumidifier 5 can easily be increased to a high 
temperature required for regenerating the adsorbent 
even if the refrigerant outlet temperature tr 2 of the re- 
generative heater 12 is set low. Consequently, the high 
pressure of the refrigerating device 10- can be set low, 
thereby being capable of further enhancing the energy 
■efficiency. Moreover, the refrigerating device 10 em- 
ploys C0 2 as the refrigerant^ thereby being capable of 
easiiy obtaining the high-temperature heat source hav- 
ing no combustibility and toxicity for regenerating the ad- 
sorbent . 

[0047] The refrigerating device i 0 is further provided 
with the heat exchanger between high-pressure refrig- 
erant and low-pressure refrigerant 13 for performing a 
heat exchange between the high-pressure refrigerant 
that has already passed through the high-pressure gas 
cooling device 12 and the low-pressure refrigerant that 
has already passed through the evaporator 15, with the 
result that the energy efficiency of the refrigerating de- • 
vice 10 can be enhanced, and hence, the energy effi- 
ciency of the air conditioner of the invention can further 
be enhanced. Moreover, the refrigerating device 1 0 em- 
ploys GO a as the refrigerant, thereby being capable of 
easily obtaining the high-temperature heat source hav- 
ing no combustibility and toxicity.for regenerating the ad- 
sorbent, 

[0048] Further, the air conditioner in the embodiment 
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1 employs the drain water generated by the cooling op- 
eration of the evaporator 15 and stored in the drain tank 
21 as the water for the humidification at the humidifier 
8, thereby being capable of saving water for use in the 
humidification. Moreover, a water source for hum idifica- 
Lion can be simplified. 

[Embodiment 2] 

[0049] The embodiment 2 will subsequently be ex- 
plained with reference to Figs. 5 and 6. Fig, 5 is a view 
for explaining a construction of an air conditioner ac- 
cordingto an embodiment2 of the present invention and 
Fig. fe is a view for explaining a construction of a cross- 
flow sensible heat exchanger in the air conditioner. It is 
to be noted that, in these figures, the same elements as 
those in. the embodiment 1 are marked with the same 
numerals and their explanations are omitted. 
[0050] In the atr conditioner of the embodiment 2 r the 
rotary sensible heat exchanger 6 in the embodiment 1 
is replaced with a cross-flow sensible heat exchanger 
60 and each speed of rotation of the supply fan 31 , ex- 
haust fan 41. and compressor 11 is made.variable. 
[0051] The cross-flow sensible heat exchanger 60 
has a construction shown in Fig. 6. Specifically, it has 
aluminum plate materials 66 and 67 shaped into wave- 
forms arranged between flat aluminum plate materials 
65. The aluminum plate materials 66 and 67 shaped into 
waveforms are arranged such that each direction of the 
plate materials 66 and 67 is perpendicular to each other 
every onestep. The supply air is passed through a hon- 
eycomb hole constructed as described above as shown 
by solid line arrows, while exhaust'air is passed there- 
through as shown by broken line arrows, whereby a sen- 
sible heat exchange is. performed between the outdoor 
air and the exhaust air via the aluminum plate materials 
65, 66 and' 67. Since the outdoor air and exhaust air are 
flown in this way, the air supply passage 3 and air ex- 
haust passage 4 are replaced with each other in front of 
and behind the cross-flow sensible heat exchanger 60 
as shown in Fig. 5. 

[0052] According to the embodiment 2, the rotational 
energy required by the conventional rotary sensible heat 
exchanger is unnecessary by the use of the cross-flow 
sensible heat exchanger 60, thereby being capable of 
further enhancing the energy efficiency of the air condi- 
tioner. 

[0053] In the embodiment 2, each rotation of speed of 
■ the supply fan 31 , the exhaust fan 41 and the compres- 
sor 11 is made variable, whereby the cooling capability 
of the desiccant air conditioner 1 and the refrigerating 
device 10 can be made variable corresponding to the 
room cooling load, 

[0054] The two-stage compressor 11 may be a single- 
stage compressor in the embodiments 1 and 2. A high 
energy efficiency is realized by using the two-stage 
compressor since the high pressure becomes so high 
by the use of the two-stage compressor. 



[0055] The refrigerant charged in the refrigerating de- 
vice 10 is not limited to C0 2 . Examples of the refrigerant 
' include other natural refrigerants such as hydrocarbon 
(HC: propane or isobutane), ammonia, air or the like or 

s artificial refrigerants such as HFC, HCFC or the like. - 
[0056] As explained above, an air conditioner of the 
invention enables to cool a room by a conventionally 
well-known refrigerating device. Further, an exhaust 
heat from a high-pressure gas cooling device of this re- 

10 frigerating device is employed. as a heat source for a 
cooling operation of a desiccant air conditioner. Conse- 
quently, an energy efficiency can be made higher than 
either of a conventional desiccant air conditioner and a 
refrigerating device (air conditioner) utilizing a refriger- 

15 ating cycle. , 

[0057] Where technical features mentioned in any 
claim are followed by reference signs, those reference, 
signs have been included for the sole purpose of in- 
creasing the intelligibility ofthe claims and accordingly, 

20 such reference signs do not have any limiting effect on 
the scope of each element identified by way of example 
by such reference signs. 

25 Claims $ 

Hx 

1. An air conditioner comprising: ^ ' 

. " . W 

an air supply passage for introducing outdoor 
30 air into a room; 

an air exhaust passage for exhausting indoor 
air ; 

a rotary den urnidifier that is a rotary drum struc- 
ture having an air passage formed of a material 

35 impregnated with an absorbent, the rotary de- 

humidifier being arranged such that one half 
thereof is disposed in the air supply passage 
for dehumidifying by absorption a supply air 
which is the introduced outdoor air and the oth- 

40 er half thereof is disposed in the air exhaust 

passage for regenerating the adsorbent with 
use of exhaust air which is the exhausted in-" 
door air as a heat source; 
a regenerative heater for heating the exhaust 

•45 air before flowing into the rotary deh urnidifier to 

a temperature required for regenerating the ad- 
sorbent of the rotary dehumidifier; ' 
a sensible heat exchanger for causing a sensi- 
ble : heat exchange between the supply airtde- 

so humidified at the rotary dehumidifier and the^ex- 

haust air before flowing into the regenerative 
heater; and 

a refrigerating device operated with a refriger- 
ating cycie which comprises a high-pressure 
55 gas cooling device for cooling a refrigerant in 

high-pressure side, an expansion valve and an 
evaporator for cooling the room, 
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wherein an exhaust heat from the high-pres- 
sure gas cooling device of the refrigerating device 
Is employed as a heat source of trie regenerative 
heater. 

5 

2. An air conditioner according to Claim 1 , wherein the 
sensible heat exchanger is a rotary sensible heat 
exchanger, 

3. An air conditioner according to Claim 1 , wherein the 10 
sensible heat exchanger is a cross-ffow sensible 
heat exchanger, 

4. An air conditioner according to Claim 1 , further com- 
prising a humidifier for humidifying the exhaust air 15 
before flowing into the sensible heat exchanger, 



5. An airconditioner according to Claim 1 , wherein the 
regenerative heater is the high -pressure gas cool- 
ing device of the refrigerating device, and construct- ■ 20 
ed such that the flow of the refrigerant in the high- 
pressure gas cooling device and the flow of the ex- 
haust air passing through the high-pressure gas - 
cooling device become opposite to each other. . 

25 

6. An air conditioner according to Claim 1 , wherein the 
refrigerating device comprises a high-pressure gas 
cooling device for cooling the high-pressure refrig- 
erant under a supercritical pressure'. 

30 

7. An airconditioner according to Claim 1 , wherein the 
refrigerant charged in the refrigerant circuit in the 
refrigerating device is QC 2 . 

8. An airconditioner according to Claim 1 , wherein the 35 
refrigerating device has high-low-pressure heat ex- 
changer for causing a heat exchange between the 
high-pressure refrigerant that has already passed 
through the high-pressure gas cooling device and 

a low-pressure refrigerant that has already passed 40 
through the evaporator. 

9. An air conditioner according to Claim 1 , wherein the 
humidifier utilizes, as water for humidification, drain 
water generated by a cooling operation of the evap- 45 
orator, 

10. An airconditioner accordingto Claim 1 , further com- 
prising an exhaust fan and a supply fan, and the 
exhaust fan : the supply fan and a compressor of the so 
refrigerating device each have a variable speed of 
rotation. 
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(54) Air conditioner 

(57) An air conditioner including an air supply pas- 
sage for introducing outdoor air into a room, an air ex- 
haust passage for exhausting indoor air, a rotary dehu- 
midifierthat is a rotary drum structure having an air pas- 
sage formed of a material impregnated with an absorb- 
ent, the rotary dehumidifier being arranged such that 
one half thereof is disposed in the air supply passage 
fordehumidifying by absorption a supply air which is the 
introduced outdoor air and the other half thereof is dis- 
posed in the air exhaust passage for regenerating the 
adsorbent with use of exhaust air which is the exhausted 
indoor air as a heat source, a regenerative heater for 



heating the exhaust air before flowing into the rotary de- 
humidifier to a temperature required for regenerating the 
adsorbent of the rotary dehumidifier, a sensible heat ex- 
changer for causing a sensible heat exchange between 
the supply air dehumidified at the rotary dehumidifier 
and the exhaust air before flowing into the regenerative 
heater and a refrigerating device operated with a refrig- 
erating cycle which comprises a high -pressure gas cool- 
ing device for cooling a refrigerant in high-pressure side, 
an expansion valve and an evaporator for cooling the 
room, wherein an exhaust heat from the high-pressure 
gas cooling device of the refrigerating device is em- 
ployed as a heat source of the regenerative heater. 
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